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@ Implantable defrlbrillation electrodes. 

@ A pair of defibrillation patch electrodes (12,15) is adapted 
for close fitting placement over the ventricles of the heart, either 
eplcardially or perlcardialiy. One of the patches is contoured to 
fit over the right ventricle, and the other is contoured to fit over 
the left ventricle In spaced relationship to the first patch to form 
a substantially uniform gap (40) between confronting borders of 
the two. The gap (40) is sufficiently wide to avoid the shunting of 
current between edges of the patches upon delivery of 
defibrillation shocks, as well as to accommodate the ventricular 
septum and the major coronary arteries therein. The size and 
shape of the patches is such that they encompass most of the 
ventricular myocardium within and between their borders, to 
establish a nearly uniform potential gradient field throughout 
the entire ventricular mass when a defibrillation shock is 
delivered to the electrodes. Rat versions (50; 60, 62) of the two 
electrodes provide ease of manufacture. 



Fig. la 
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IMPLANTABLE DEFIBRILLATION EiECTFOOEB 



The prasent Invention relate general* to medical 
devices, end mora particularly to patch electrodes 
for usa with automatic Implantable cardiac defibrila- £ 

Cardiac arrhythmias can arise In the atria or 
ventricles as a consequence of an impairment of the 
heart's electrophysiologic properties such as axritar 
bitty, conductivity, end automsttelty (rhythmloity). 10 
Tachycardia b en aiThythmfe characterized by rapid 
beating of the ejected chamber which, In some 
Instances, may lead to flbrfetion. During tbriBstfon, 
sections of conductive cardiac tissue of the affected 
chamber undergo completely uncoonfnatod ran- 13 
dom contractions, quickly resulting tn a complete 
loss of synchronous eontraetion of the overafl mass 
of tissue and a consequent loss of the blood-pump- 
ing eapaMtty of that chamber. 

Because of the lack of contribution of the atrial 20 
chambers to cardiac output, atrial Hbr le flon Is 
hemodynamics!* tolerated end not general* re- 
garded as He-threatening. However, tn the case of 
ventricular notation, cardiac output ceases Instan- 
taneous* as a result of the chaotic electrical SS 
and mechanical activity of the excitable rnyocarolal 
ttsue and the consequent Ineffectual quivering of the 
ventricle* Unless cardtac output ta restored almost 
Immediate* after the onset of ventricular flbrfflatlon. 
tissue begins to die for lade of oxygenated blood, 90 
and death wtt occur within minutes. 

Ventricular fferiilafion Is frequently triggered by 
acceleration of a ventricular tachycardia. Hence, 
various methods and devices have been developed 
or proposed to treat and arrest the tachycardia & 
before the onset of ftorttafiort Conventional tech- 
niques for temrttttl ng tachycardto include pacing 
therapy end cardtevenUon. tn the latter technique, 
the heart ie shocked with one or more current or 
voltage pulses of generaty considerably higher 40 
energy content than te delivered In pacing pulses. 
Unfortunate*, the use of such therapy itself pres- 
ents a considerable risk of precipitating fibrfceHon. 

Defibrillation -thai Is, the method employed to 
temtir^ fibrillation -Involves 4$ 
high energy •countershecke' to the heart In an effort 
to overwheen the chaotic contractions of Indvtdual 
tissue sections and to re establish an organized 
spreading of action potential Item eel to cell of the 
myocardium, thereby restoring the synchronized 50 
contraction of the mass of tissue. If these chaotic 
contractions continue In any tissue section, the 
detferilatton may be short-feed In that the uncon- 
trofted tlssus section remains a potential source for 
reservation. Successful deflbrilafion clearly re- & 
quirea the deSvery of a shocking pUse containing a 
substantial amount of electikial energy to the heart 
of the sffitoted person, at least adequate to terminate 
the formation and to preclude en Immediate re- 
emergence. *> 

In the conventional approach of transthoracic 
onietaei eeaemaaon, p»oai«« «r» p»« w n — < on **• 
patient' thorax and. typical*, from about 100 to 



about 400 )outes of electrical energy la defeated to 
the chest area tn the region of fte heart it Is 
apparent from the manner In which the shock Is 
eppfled that on* e portion of thb energy la actual* 
delivered to the heart and. thus, la available to arrest 
flbriDatton. Where f&rffleflon occurs during open 
heart surgery, Internal paddles may be eppfied to 
opposite surfaces of the ventricular myocardial 
and, in these instances, the energy required to be 
deBvered b considerab* toss, on the order of 20 to 
40 joules. 

Over the past several years, Implantable auto- 
matic cfrflbr tta to ra have been developed for use In 
detecting and treating ventricular fits ttaHon. In 1070, 
M. MIrowsW et a), and J. C. Schuder et ai separate* 
reported in the scientific Dteraturs their independent 
proposals for a 'standby automatic dsfibrittetor" and 
a "complete* implanted detonator", respective*, 
Including experimental r es u lt s In dog testa. Since 
that time, a vest number of Improvements in 
Implantable defibrttatora, including electrode place- 
ment using extrapericardlaJ patches or transvenous 
catheters, has bean reported In the sdentffic 
literature end patent puMfcetlons* 

The pulse energy requirements for interne! defl- 
briBatlon with known Implantable doftor tta tora end 
electrode systems range from about 5 Joule* to 
approximate* 40 Joule*. Of course, the actual 
energy level required may dHfor from patient to 
patient, and further depends on such factors as the 
type of pulse waveform and the electrode conftgurfr- 
Hon employed. White advance* end improvements In 
electrical energy sources In general and pacemaker 
batteries In particular have been made over the past 
few years. It Is dear, nonetheless, that repeated 
deflvery of such amounts of energy from an 
Implanted system wffi deplete conventional battenes 
in relative* short order. According*, reduction of 
the energy level required for Internal eeflbrttatJon 
remains a key area of inquey and investigafion. 

It la a prtndpa! object of the present Invention to 
provide Improvements in etectrode systems for 
Internal deflbrlSatlon and In methods for making 
such electrode systems. 

A related object to to provide an Implantable 
electrode system, for use with Implantable automatic 
defferlatora, whteh deBvers the deforesting wave- 
form with considerab* greater efficiency than has 
been achieved using prior art syetama, and which 
therefore provides successful defibrillation at mar- 
ked* reduced levels of electrical energy, compared 
to the levels heretofore necessary. 

An ear* US. patent, in terma of the relative 
Immaturity of developments in the field, 
No. 2,985.172, issued to 1801, deacrfecd a tissue 
contact electrode for use in deOvaring e high voltage 
dbchargo direct* to the heart Each electrode 
consisted of a conductive ring connected to an 
Insulated electrical lead, the ring holdng conductive 

foil wmwImm and annlo— d fet • — V»m AAflfc, twfth A 

ftexfcle backing member at one side of the gauze 
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sheath. -Rift overall electrode pad wis described as 
mffWentfy flexible to assume a dished shape tightly 
engaging the tissue of the heart 

lnU.6. Patent No. 4j030£09. Henman at bL 
described an Implortabto electrode ^etam for 
ventricular defibrillation, In which the efcctrodee are 
arranged In a generally baae-epex configuration wtth 
a spUt conforms! base electrode posltfoned above 
the base of the ventrtelee m the region off the atria, 
and a cupflke conformal apex electrode positioned 
at the apex of the heart ^ ^ 

In UJB. Patent Noa. 4.270,549 and 4^1.707. 
Heflman et al. disclosed defibrillation electrodes of 
rectangular shape designed for Insertion through 
the soft tissues outside the pleural cavity for 
contacting the heart Each electrode consists of a 
metallic mesh either sandwiched between two layers 
of Insrt electrical Insulation material or backed w«ha 
stogie layer of such materiel stitched to the mesh. 

In UA Patent No. 4,548,203. Tacker et al 
disclosed an electrode system for use wtth Imptarrt- 
able puleo generator employed tor cardioversion or 
defibrination. The system consists of two sets of 
opposed patch electrodes, one pair disposed lat- 
erally on the eploartfum end the ether pair deposed 
ventriOly-^toraally, wtth each electrode orthogonal to 
the adjacent electrodes. The patent asserta that the 
present of the Isftar pair of electrodes does not 
stanfflcantiy alter the current dbrtrlbutton from the 
first pair, bo long as the electrodes are relatively 
small with respect to the epkardlftl circumference 
and the two pate are Isolated from each other during 
currant flow. The patent further ascribes the use of 
two pairs of electrodee Implented In spaced relation- 
ship as purportedly permitting the use of smaller 
electrodes, lower voltage and current, end lower 
total energy, with a more urtform current density and 
leas hazard of damage to adjacent heart tissue, than 
had theretofore been achieved. Two current pulses 
are sequentially delivered to the separate pairs of 
e tectrodes to provide a temporal and epetW summa- 
tion effect tor the deflbrlatlng current 

Nevertheless, these and other prior art electrode 
systems proposed for use wtth tmptantabta deflbrt- 
lators cfiaalpete relatively large amounts of energy in 
defrering shocking pulses to the heart Conse- 
quently, their performance tends to be marred by 
unaccaptably high rlek of damage to the myocar- 
dium, and by the need for relatively large afcad 
defibrination pulse generators (Including batteries) 
toaupplythehlgherwrgylevetore^ 
somewhat short term use. 

A reduction In the shock strength required for 
defibrination would be odventaosous In that It would 
alow for a decrease In the size of the automatic 
implantable defibrillator, an Increase m battery We, 
and a reduction of the poeafefltty of myocardial 
damage resulting from the shook. 

The present Invention provides improvements In 
Implantable electrodes, and m methods of making 
such electrodes, 1br deftVery of deflbrttaflng wave- 
forms to a heart In ventricular formation, and fn 
apparatus and methods tor defbriBeHoct It has been 

m*mm~~d thftt tH* ■toqtHffl pull l U t l 0*4*4 Sold 

created from shocks through smal epteardtal defi- 



brination electrodes is extremely uneven, wtth the 
highest potential gradient occurring near ths elec- 
trode*, and the lowest potential gradtonts ooounlng 
In areas distant from the electrodes. Following 
5 appflcstion of a shock Just below the deSbrtlatton 
threshold to a heart In ventricular flbrflatkm.whlchls 
unsuccessful to terminate the tibrfJation. the atte of 
eeriest resumption Is observed to be In an area of 
low potential gredfent, distant from the electrodes. 
10 However, a shook which creates a field Just strong 
enough to defflbrfflate In regions cfetant from the 
electrodes wffl establish a much stronger field near 
ths electrodes. At best tWe to wasteful of the trotted 
energy available In an Implantable system, and, at 
75 worst, may cause myocardial damage and cardiac 
arrhythmias. Accordingly, we postulate that a more 
untform potential gradient fleW would Improve 
efficiency of the energy dativary system and reduce 
the energy required for successful defi brinat io n . 
SO According to a major aspect of the Invention, 
separata large area dsflbrffJation patch electrodee 
are placed over ths right ventricle and the left 
ventricle of the heart and secured directly to either 
theepJcartftumorthepeftean 
2S fabdcatedfromacon^c^layBr.suohasamesh, 
wtth a fab-compatible msu»s!lve backing layer over- 
lying one side of the conductive mesh, end an 
etectrlcaly conductive connection between the 
mesh and a lead tar delivering the deftbrleting 
30 waveform from the Implanted (or external) dvfibrWe- 
tor to the electrode. Preferably, each electrode Is 
contoured to conform to the shape of the heart In 
the region of the reaped** ventrlde over which to Is 
to be placed, and has a size and ehape to 
35 encompass a substantial portion of the ventricular 
myocanfium but not other areas of the heart In 
alternative embodiment of the Invention, however, 
the electrodee ere fabricated m e flat configuration, 
also of a size end shape such that when placed over 
40 the raapsctive ventricles they eneompa^ 

ttai portion of the ventricular myocardium, despite 
soma datamation of each electrode. 

One significant principle applied In the design of 
the etecradaa of the Inventio n is that a more uniform 
4S potential gradient field should be provided 
throughout ths entire ventricular mess. Electrodes 
of large surface am appear to be conducive to a 
more even field, and to decreased oloctrode Imped- 
tnoe. Important criteria relating to the structure and 
SO placement of patch electrodes according to the 
Invention, Include the fetowlng: (1) The electrodes 
should be of seize and shape such that they may be 
placed to enoompeas al or a substantial portion of 
the ventricular myoeanSum wfthin their borders. 
66 whRe at the came time, the size, shape end 
placement should provide a gap between the 
confronting borders of the electrodes which to 
sufficiently wide to preclude the Gka&hood that 
currant wfil be shunted between the electrode 
90 edges. (2) The ate and shape of the electrodes 
should further be euch that when properly placed 
over tho ventrtdes, the gap between their confront- 
ing border* Is substantia^ uniform throughout the 
region of the confrontation. (3) The gap ahouW be 
8S sufficient to accommodate the vemncuar septum 
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therein, when the dectrodea am in ptece over the 
ventricles, such that the pisfarential flow of current 
Is through on* ventricle end term the septum to 
the free wtl of the other ventricle, to preclude ftow 
along the high conductivity blood cavltiea of the 
ventrtciea (4) The oap should also be s ufficie nt, 
when the electrodes are In piece over the venWdee, 
to accommodate the major coronary arteries 
therein, and thereby reduce the BkeDhood of vascu- 
lar Injury from subjection to Wflh field Intensity 
during del* ery of the defibrflhdJng waveform. 

The above and still further objects, features and 
attendant advantages of the present Invention wfl 
become apparent to those persons skfltod In the 
fleid to which the Invention pertato from a consider- 
ation of the following detailed description of a 
presently preferred embodiment, taken In conjunc- 
tion Mirth the aooompsnying drawings, in which: 
FIGS. 1a and 1b are degranunatie repreeen- 
tatioris erf oontoured patch eiactrodw 
ing to the Invention, In place of the heart seen 
from anterior and poslefionrie^^ 

FIGS. 2a and 2b am perspective views of the 
contoured patch electrodes of FIG. 1, as seen 
prior to ptaoementovartfieve^ 

FIG. 3 Is adfagrammatic representation of a 
portion of the human body illustrating the patch 
electrodes connected to an Implanted auto- 
mane obudvhhibv , 

R Q. 4 Is e section view tafcsn through a patch 
electrode according to the invention; 

FKJ. 5 Is a fragmentary view, partly broken 
away, Oajstrating the connection between a 
patch electrode and an electrical lead, accord- 
Ing to an embodiment of the Invention; 

FIGS. 6a. 6b and 6c are plan views of flat 
patch electrodes according to an alternative 
embodiment cf the Invention, In which FIG. 6a 
illustrates a right ventricular electrode, and 
FIGS. 6 b end o Illustrate alternative forms of a 
left ventricular electrode; and 
FIG. 7 Is a set of histograms of defferiHatkwi 

some of which were used with cpfcaroHI 
placement and others with pericardial place- 
ment of the patch electrodes of PIG. 1.m teste 
conducted on afac doge. 
Refeirtng now to RG8. 1a, 1b, 2a. 2b, and 4, In a 
preferred emboolment of the Invention a pair of 
contoured defibrillation patch electrodes 12 and 15 
are configured wfth relatively large surface area 
compared to prior art terms of defibrillation patch 
electrodes, In particular, each of patch electrodes 12 
and 15 ts contoured to conform to the shape of the 
heart m the region of the right and left ventricles of 
the heart 10, respectively, for placement over the 
ventricles on the epJcanfium or the pericartflum. 
After proper placement on the epteerelum. for 
example, as genemtty luatrated In RGS. 1a and 1b 
(the former being the anterior and the latter the 
posterior representation), the two patch electrodes 
l2ai>d1$n^beeocun5ddkectfytotheepfcsnf^ 
by sutures. 

Preferably, each paton «oasrocki is faericatad 
from a conductive mesh 17. such as titanium mesh 



grade 2 having 60 by 50 Ines per Inch (avBBab!e,fbr 
example, from Unique Wins of Hlaslde, NJJ. wtth 
conforms! (ftodblo) biocompatible Inaulatlve backing 
tayer 20, such as 0020 Inch thick alcone rubber 

s sheet, atfwrently secured to the mesh (FIG. 4). Ihe 
conductive mesh 1 7 wBI Be closest to the heart when 
the patch electrode Is positioned for delivering 
Ocffortetfng wa v e f o r ms to the heart 
Each patch electrode may be fabricated manualy 

10 usfcu a model of the heart on which the layers are 
stretched and molded, or, for ease of manufacture, 
by sandwiching the layers betweefi two halves of a 
heanVshsped mold. In either event, the conductive 
mesh 17 and frwutative sheet 20 are cut or punched 

16 to proper size and shape accortSng to the design 
principles to be described presently. The two layer 
assembly Is then cured at a temperature of 326 
degrees F. for a period of about 26 minutes. A pair cf 
taJ>s23(RG.5),prsfsfeJtyerttar^ 

20 welded to both sides of the mesh 17 at an edge 
location selected for connecting a tow Impedance 
cod lead 25 to the respective patch electrode, before 
the curing step, or afterward If the hai^tive backing 
20 Is then removed from the mesh at the point 

SS selected for the connection. Coll lead 25 may be 
tajTtahim-dad zirconium copper (from Kereeue of 
Meet Germany). The pair of tabs 23 mate together 
forming e hole Into which cod lead 25 Is readly 
Inserted with a dose tolerance. A crimp sleeve 28, 

so also composed of titanium. Is then placed over the 
ends of the pair of tabs forming ths hole mtowhtoh 
the coll lead Is inserted, and the sleeve 28 Is then 
orimped to assure a good etoctrical connection 
between the conductive layer (mesh 17) of the patch 

3S electrode and lead 2& A biocompatible msutative 
tube 30. preferably of 80 o^metar aiicone mbber, 
Is then placed over the entire length* the coil lead. 

Preferably, the entire border of the muffiteyer 
patch electron is covered wtth a strip o 

40 patfcte Instiative sheet S3, such as Dow Coming 
501-1 reinforced silastic sheeting (Dacron mesh), 
and glued In place wtth a suitable biocompatible 
medosl grate adhesive such as Dow Medical 
Adhesive Silicone IVpe A (FIG. 2). This silastic mesh 

45 border forms a convenient area for suturing the 
patch electrode, which might otrisrwise rupture from 
the sutures. In place over the respective ventricle. 
After the tostdative bonier mesh 33 is secured tolhe 
patch, It Is preferable that eddWonal layers of 

SO sflteons rubber be appfied to provide strain relet at 
the site 35 of the lead connection as shown in FIG. 2. 
The patch electrode portion of the assembly shorid 
be reeured at a tamperature of 325 degrees F. for 
about 15 to 20 minutes after each layer of InsUstive 

SS rubber to appRed, and should undergo a final 
postcure at the same temperature for a period of 
approximately four hours. 

As Wustretod in FIG. 3. the patch electrodes 12 
and IS are sutured In piece over the ventricles (In 

60 thoracic surgery involving opening of the patient* s 
chest), and the leads 37 are connected (using 
conventional connectors 38, FIG. 2b) to an Im- 
planted automatic detbriBator 39. 
An Important prtnoipta •pBSto in the d**ton of 

s5 patch electrodes 12, 15 1$ that the two electrodes. 
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when In piece over the respective ventricles, should 
encompaas ft substantial portion of the ventricular 
myocardlem between the electrode pair, which, 
according to our result*, appears to establsh a mora 
uniform potential gradient field throuphout the entire 
ventricular mass than haa heielufore bean achieved 
wfth patch or othar o*rtbrtBating electrodes of other 
c»riftouraftlona.VVhto 

all of the mechanisms leading to the Improved 
reautte obtained wtth patch electrodes according to 
the present Invention. It Is bofoved that electrodes 
of such reWtvafyta^ surface area eew to create a 
mora even electric field, as well as to decrease the 
electrode Impedance. 

Another Important aepeet of the electrode design 
according to the Invention Is that the patch ©too 
trades, although etod and shaped to encompass aS 
or substantially all of the ventricles between them 
(and to avoid other regions of the heart), should 
havB a relatively uniform gap 40 1) maintained 
between their confronting borders, and throughout 
the region of the con fr ontatio n, when the electrodes 
are In place over the respective ventricles. This gap 
40 should be sufficiently wide to eliminate or 
considerably reduce the tfeoshood that current vrffl 
be shunted between the confronting electrode 
edges when defbttating shocks are appOed.TTius,i 
balance must be struck to provide a pair of large 
area electrodes which wil at one and the same time 
establish the desired more uniform Held through the 
ventricles end yet have their opposing borders as far 
apart as possible to avoid a toes of current Dow 
across the base of the heart and a consequent 
reduction In the efficient delivery of energy to 
terminate the fibrillation. 

Further, the eubstantlaBy equtdbtent spacing 
between confronting borders of the two patch 
electrodes (Le>, gap 40) should be sufficiently wide 
that the interventricular septum Is accommodated 
within the gap. As a consequence* current win flow 
preferentially through one ventricle across the 
septum to the free weJ of the other ventricle, rather 
then along the high conductivity blood cavities of the 
ventricles. Also, as wfJ be observed from RGS. 1a 
and 1b. the gap should accommodate some major 
coronary arteriea, such as the left anterior descend- 
ing coronary srtery 43 end posterior descending 
coronary orrery 45. to reduce the poesIbVty of 
vascular damage during appOootion of the high 
vohage deflbrilating shocks to the electrodes. The 
patch etectreda 15 Is also configured such that the 
left circumflex coronary artery las Immediately, 
above It when that electrode Is in piece. 

It should be noted that the patch electrodes of the 
present Invention have a very large amount of their 
surface area at the base of the heart where the 
spaces are largest. Also, each electrode Is shaped 
such that when viewed between the edges of the 
two patches, most of the ventricles Seine straight 
line between the patches, with the angle between 
that flne and the patch electrodes being In the range 
from about 60 to about 80 degrees. Thus, the 
electrode system and configuration of each eJeo- 
troda provides oood coverage of the base of the 
heart However, rt la hypothesised that improved 



results may also be attained rotative to prior art 
deflbrflation electrode system even If somewhat 
smaller patch electrodes then those depleted fen 
RGS. 1a and lb are employed, provided the design 

5 and placement principles and guidelines set forth 
herein era followed to a reasonable extent Con- 
toured patch eJectrodee may be designed In two or 
three sues to capture the vest majority of the patient 
population. 

10 It was observed that fibrBation tends to resume, 
after application of a shock Just below the defibrilla- 
tion threshold and, thus, not quite strong enough to 
dsflbriDst*, m the area where the electric field 
pro du ced by the e lectrode configuration la the 

IS wesJcest The best (moat successful) shock appears 
to be that which produces the highest energy level 
suitable to sites! fibriReBon at the weakest portion of 
the fletd.7ha design p h il os ophy for the electrodes of 
the present Invention takes this Into account in 

so terms of the efficiency of the electrode system In 
delivering energy from the defoliating waveform to 
the ventricles. If It were Imagined that the edgea of 
the two patch electrodes were the rims or openings 
at top and bottom of a lampshade, and those edges 

6 In c onf r o n tin g or opposing relationship were con- 
nected everywhere wtth straight Ibiw perponcflcular 
thereto, the objective la to minimize (within Bmtta 
according to the design principles herein) the 
volume or the ventridas lying outside the boundaries 

V of the Imaginary doth covering the lampshade 
between the two rime, TNa to based to an extent on 
field theory. Those portions of the ventrietea outstda 
the electrodes wffl be subjected to considerably lees 
current density than the portion within the eJec- 

55 trades. 

Referring now to RCL ft, an alternative embodi- 
ment of the patch electrodes of the present 
Invention, is that In which the electrodes are 
fabricated In the iiiuHftayer configuration described 

40 above, but ere of a flat planar form and, therefore. 
readDy flexed to assume the shape of the heart In the 
region of the respectVo ventricles over which they 
are to be placed, although It wf> be apparent that 
some deformation of such el ectr o d es win occur In 

45 that placement A right ventricular patch electrode 
50 Is shown In TO. 6sL wtth the connection to lead 63 
at e stte 55 selected to assure that the lead wffl be 
positioned ex the anterior of the heart when 
electrode 50 la In ptaoe. m the same manner es 

so shown In TO. 1a. It W0 be observed that patch 
electrode 50 has an outtina atmlar to that of a shoe, 
or a thong. 

According to another feature of the Invention, 
electrode 53 la provided wtth one or mora holes 68 

SS through the hsulath* backing, but not through the 
conductive mesh. Each of the other flat patch 
electrodes of RQS. fib and c. and the previously 
described contoured patch electrodes 12 and 15 
msy eimQariy be provided with euch hoiee In the 

60 Irm!e0v»bsittig.Thehotarna^ 

are, larger than those shown In RQ. 6a; Indeed, a 
single relatively large hole may be mora desirable. 
Should the Internal Implanted dctibrfUa tor fee, the 
presence of one or more lame holes In the Insuletlve 

66 backing wW anew current now tneretnrougn ana to 
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the heart thereby to*erti*fl ** threshold energy tor 
transthoracic external defibrillation. The holes eteo 
serve to alow fluid egreaa and Ingress through the 



TVw, different ahapes tor a left ventricular flat 
patch electrode are shown In FIGS- 6b and c Here 
aoalr^theseeJectrodeeai«con$mictedinarmnner 

similar to that tor the contoured patch electrodes, 
except that atnce electrode* «0 end 62 ere flat, they 
tend to be more flexible and to aasume the shape of 
the heart In the region of placement. *to*jw«h some 
eOOMbuckllrtgcftheelee^ 
has an outline elnflar to that of a molar, whDe the 
outflne of electrode 62 resembles that of a aku*. In 
any event, the flat patch electrodes are basically 
deafened aocordtog to the same design principles a$ 
appted to the contoured electrodes, InckriBng large 
surface area, capturing aub at en fl aBy all of the 
ventricular myocardium therebetween except In the 
region of the gap between opposing borders of the 
electrodes when placed over the ventricle* .Bee- 
trade 60 fc preferred es the Hat version of the LV 
pair* because It raadDy assumes the proper contour 
when the •roots* or the •molar' ere brought together 
to provide a uniform gap 03 therebetween. They may 
be secured In that position using a soft afifcene 
rubber strip 64 with subsequent curing. 

As noted earlier herein . a wWe range of thresholds 
tor <frect defibrfBation using a variety of configura- 
tions has been reported In the Rtervture. The Initial 
shock strength used with currently available auto- 
matlc implttltabte defibrillator* is ebout 25 Joules. In 
1978, MtrowsW et ah reported obtaining defibrination 
thresholds (DFTs) of 4-10 Joules with chronlcany 
Implanted titanium catheter electrodes and eptear- 
dlal defibrination patches In dogs. In 1966, Kafok et 
ai. reported obtaining a mean DFT of less than 3 
joules In Isolated dog hearts using large titanium 
'patch electrodes In conjunction wtth a deferfltatfng 
catheter. ^ 
We have found In our studies that defaxttafion is 
reliably achtoved at shock energy levels consider- 
ably lower than those heretofore required, using 
deltorffiatJon patch electrodes as deeeribed herein 
with detertlatlon wawferma of various types. It wffl 
be observed from FIG. 7. which was derived from 
testa on ofc dogs using monophesle and triphasic 
waveforms, that the best results were obtained 
using blphaale wwform* of certain types. The 
rasulta for wawforme 67, 70 and 71 were obtained 
with contoured patch electrodes secured to the 
eptoardlum, and the reeutts for waveforms 68, 69 70 
and 72 were obtained with the contoured electrodes 
affixed directly to the pericardium. The numbers 
below each waveform Mfcsto duration of each 
phase in mfflssconds. 

The generating apparatus for end epedfta diarac- 
teristlea of theee blphaale waveforms ere tfsdosed 
In other patent applications assigned to the same 
assignee as la the present a p pli c atio n, and term no 
part of the Invention disclosed herein. 

Although there ere differences m the DFTsTorthe 
different waveforms, In Fid. 7 end other eompatfeto 
last resuua not mown iwrem, »*• c*rr* « *> 

these tests are much lower throughout than those 
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reported to date by cthere. Indeed, known deltoriDa- 
tlon electrode systems currently employed are 
consistently successful m the 7 to 10 joute range; 
•nergy levels which are to be contrasted with the 
DFTs consistently d emonstrat ed tn the 2.0 to 3D 
joute range wtth electrode configuration and place- 
ment aecorflng to the present hwehtton. and which 
are attributable virtually solely to the electrode 
system. 

WhBo certain preferred embodiments of defibriBe- 
tor patch electrodes have been disclosed herein, it 
wffl be apparent from consideration of the dtedosure 
that variations and modfficattons may be provided 
without departing from the principles and guidelines 
of the Invention. Accordingly, the Invention Is to be 
tfmltad only to the extent required by the appended 
claims. 
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1. A pair of dafibrUBdcn patch electrodee for 
placement on the heart to deRver defibrination 
shocks thereto, comprising 

a first patch electrode contoured to fit over 
the right ventricle of the heart, 

a seoond patch electrode contoured to fit 
over the len ventricle of the heart In spaced 
relationship to the first patch electrode to form 
a gap between confronting borders of the two 
patch electrodes. 

etth of the patch electrodes Inducting 
means for defter** the defibrination shocks to 
the respective elaotrodea, and 

each of the patch electrodes being of esfee 
and shape to encompass a substantial portion 
of the respective ventricular myocartBwn wtthh 
the borders of the respective patch electrode, 
to establish a substsntl&fy uniform potential 
gradient field throughout the entire ventricular 
mass when a dafferlMon shock Is delivered to 
the electrodes. 

Z The pair of defibrination patch electrodes of 
Claim 1, In which 

the gap between the confronting borders of 
the two patch electrodee Is *ubstantieB)fequ^ 
Istant throughout the region of the confronta- 
tion. 

3.Tr*paircfdefibriWtonpstch 
Claim 2, tn which 

the gap between the confronting borders of 
the two patch electrodes Is sufficiently wide to 
limit shunting of current between the related 
edges of the electrodes upon deBvery of e 
defibrination shock to the electrode pair, and 
secured directly to the eptoardlum. 

♦.The pair of deftortftatlon patch electrodes of 
Claim 1, In which 

each of the patch electrodes Is of a size and 
shape to accommodate the ventricular septum 
In the gap between the confiunttng borders of 
the two patch electrode*, to establish preferen- 
ti«J duwwt flow thmuph one wrtrtde sctoss 
the septum to the free waB of the other vemncie 
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when a doflbrifetion shook la delivered to the 
electrodee. 

5. The pelr of defibrillation patch electrodes of 
CWml in which 

each of the patch electrodes Is of safes and s 
chape to aooommodcto a substantial portion or 
each of tha right and ten coronary arteries to the 
gap between the confronting borders of the two 
patch electrodes, to avoid vascular damage as a 
consequence of the delivery of deftbriBatlon io 
ahoclca to the electrodee . 

6>. The pair of defibrillation patch electrodae of 
Claknl, in which 

each of tha patch electrodes comprises a 
conductive meeh. a flaxble biocompatible inso- is 
lattve backing covering one aide of the me8h, 
and a reatent blocompattole Insulatfve border 
layer means about each electrode far suturing 
the respective electrode to the eptaanflum, 

7. The pair of daflbrfSailon patch electrodes of 2D 
Claim 1, In which 

eech of the electrodes has at least one hole 
to permit flow of body fluid therethrough. 

6. Patch electrodes for use In defibrtlating 

the heart, comprising 2S 

a first patch electrode for placement over 
the right ventrlde of the heart 

a second patch e lect r ode for placement 
cm the left ventricle of the heart in spaced 
relationship to tha first patch electrode to form SB 
a gap between cojrfrontihg borders of the two 
patch electrodes, and 

connecting means tor appflcetion of electri- 
cal energy to the respective electrodes to 
dsftbrittate the heart. 35 

the patch electrodes having respective 
etee end shapes to enoompass vWuafly tha 
entire ventricular myocardium therebetween, 
toward oatsbflshlng a uniform potential gradtant 
throughout the entire ventricular mass upon 40 
appttoation of eleetrieal energy to the elec- 
trodes, wtfh the gap between the confronting 
border* of the patch electrodes being auffl- 
ciantiy wide to avoid ahunting of current across 
those borders and to accommodate at least 45 
soma of the major coronary arteries therebet- 
ween. 

9. Pitch electrodes according to Claim 8, in 
which 

the gap b etwe en the conf ro nti ng borders of SO 
the patch electrodee la aubaftanttaqy equidistant 
throughout the region of the confrontation 
when the electrodes are pieced over the 
respective ventricles. 

10. Patch electrodes according to Claim 8, In 66 



the ventricular septum §ea within ths gap 
between the confro n ting borders of the patch 
electrodee when the electrodes are placed over 
the respective ventridee. so 
11. Patch electrodes according to Claim 8, In 
which 

each of the electrodee comprises a condue* 
tfu* *>**h. mrvi a flaxfola btoeomparibto ln*ut»- 
tive becking covering one side of the meah. 66 



J££*ch electrodes accordtog toOalm 1t,ln 
which 

each c# the elect; odea further comprises a 
reslllant b io c ompa tib le (mutative meens about 
the border of the reapeotive electrode for 
suturing thereof to either of the eplcardrum or 
the pericardium. 

13* Patch electrodes accordty to Claim 11. in 



eech of tha electrodes haa a hole In the 
tosulatfve backing. 

14 Patch electrodes a cco r d ing to Claim 8, m 



each of tha electrodee Is contoured to 
closely conform to the shape of the heart In tha 
region of the ventricle over which the respective 
electrode is to be pieced. 
15. Patch electrodee according to Ctefm 8 V m 



each of the electrodes Is tlextote and haa a 
Hat configuration wHh e shape which la adequ- 
ate, whan the electrode la placed over the 
reapecttva ventricle to enoompaaa a substantial 
portion of the ventricular myocanflum with 
some deformation of the electrode, 
16. 11» method c^maldng patch electrodes ter 
use In dafbrttating the heart comprialng tha 
steps of 

fashioning a first patch electrode Indudtnga 
oonductive layer with an overtytng adherent 
Jnsutatfco layer, of a size and shape adequate 
tor coverage of the majority of the right ventricle 
of the heart, 

comfcictively fastening an electrical lead to 
the conductive layer In a limited wea at the 
border thereof nee of the tnaulative layer. 

fsehtoning a asoorti pectch eiectrode tnciuc^ 
ing a conductive layer with an cvertylng adher- 
ent msutetive layer, of e stze and shape 
e^^ for co¥>rage of tfw majority of the left 
ventricle of the heart. 

conductive^ fastening an electrical lead to 
the conductive, layer of the second psU) 
electrode in a Imlted area at the border thereof 
free of InsUattve layer, and 

further ahtog and shaping the first wd 
second patch electrodes euch that when they 
are placed over the reapeotive ventridea a gap 
Is formed between the confronting borders of 
the two electrodee, substantia^ equidistant 
throughout the region of the confrontation. 

17. The method aocortfng to Claim 1& in 
which 

the afadng and shaping of the 1M and 
second patch electrodes is further euoh that 
the gap la auflUentiy wide to limit ahunting of 
current serosa tha confronting borders of the 
two electrodae when tha oto ctiuds a «e en- 
ergized wtth daferttettng shocks when In place 
over the respective ventridea. 

18. The method aooonflng to Claim 17. In 
which 

the sizing and shaping of the first and 

wc ond patnH ala>m wijum U KirtHar mmk\ that 

the gap be tw ee n co nfr o nting borders of the two 
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iJeem^ to sufficiently wic* to eccon^ 

itw vMttrtoulv septum thare^ so th« 

tie) current flow *» be through one ventricle 

across the septum to the free wall c* the other 

ventricle whin the electrode* am In piece over 5 

tho respective ventriclee and defibrillation 

shodca ara daHvarad tharato. 

19. The method according to Oakn 18. In 
which 

tha sizing and shaping of tha first and w 
second patch electrode* b furthar such that 
the toft anterior descending coronary artery and 
tha posterior daaoandng coronary artery wW Ba 
In tha gap between the confronting borders of 
tha two patch eJectrodee, to avoid vascular 15 
damage from tha defevaty of defibrfltatan 
shocks to tha electrodes when In plica ever the 
roopooth/o t/orrtrtnlea 

20. The method acconSng to Claim 16, In 
which & 

the conductive layer la a mesh, and further 
including the step of forming a hole in the 
Insutafive baoldng. 

21* Tha method according to Claim 16, in 
which & 

the flrat and second patch electrodes era 
fashioned with a contour to conform to tha 
shape of the heart In the region of the 
respective ventricles over which tha electrodes 
are to ba placed. 30 

22- The method according to Claim 16. In 
which 

tha flrat and second patch electrodes are 
fieodble and fashioned wbh a flat configuration 
end a sire and shape auch that when placed as 
over tha respective varttrfoies each wffl encom- 
paaa a substantial portion of tha ventricular 
myocardium with some deformation of tha 

23. An imp^amablao^b^aior, comprising 40 

electrical generating means far producing a 
defibriUsting waveform on demand. 

flnrt and second patch electrode means to 
be placed over the left end right ventricles of the 
heart respectively, and 45 

teed means far electrically Interconnecting 
the electrical generating means with the first 
and second patch electrodes. 

the two electrodes means forming a gap 
therebetween when In place over the respective 50 
ventricles end otherwise encompassing the 
ventricular myocardium, for estabishlng a uni- 
form potential gradient Held throughout the 
entire ventricular mass when the dsfibriBefing 
waveform is produced by the electrical genera- SS 
ting means and delivered to the electrode 
mesne via the lead mesne. 

2*w The Implantable oWtnator of Claim 23, In 
which 

the gap Is substantially uniform throughout so 
the placement of the two electrode means on 

me wBfiifiGiBo* 

the gap between the two electrode means is $a 



sufficient to prevent ehunfing of current there- 
between aftsn the two electrode means are In 
piece over the respect** ventricles and the 
defibrftedng waveform {sdeftvered thereto. 

26. The Implantable defibrillator of Oelm 2S,tn 
which 

the gap between the two electrode means Is 
further sufficient to e cco mm odata the ventrtcu- 
lar septum therein, to estabOsh preferential 
current flow through one ventricle across tha 
septum to the free waD of the other ventricle, 
when the two electrode means are fat place over 
the respective ventricles and a defibriUsting 
waveform b delivered thereto. 

27. The implantable etofibrttator of Claim 26, h 
which 

the gap batwaan tha two eJectrods means Is 
further sufficient to accommodate the left 
anterior deeancfirtg coronary artery and the 
posterior descending coronary artery thereinto 
avoid vascular damage from the defeVary of a 
defibriBatfng waveform to the electrode mesne. 

28. A method of dafibrilattng the heart, 
comprising the steps oft 

placing a first patch electrode over the right 
ventricle of the heart, 

pieulng e second patch electrode over the 
left ventricle of the heart in spac ed relationship 
to tf» first patch el e ct rode to toon a uniform 
gap between confronting borders of the two 
patch electrodes, while encompassing a sub- 
stantial portion of the ventricular myocardium 
between the two patch electrodes, toward 
estabfishmg a uniform potential grader* field 
throughout the entire ventricular mass when a 
deffcri&efing electrical waveform Is applied to 
tho oloctnodesj and 

applying a deffcrOstlng electrical waveform 
to the electrodes* 

29. Thc method of CUm 26, further Including 
mating the gap between the confronting 

borders of the two patch electrodes of suffi- 
cient width to prevent shunting of current 
between the confronting borders during appfi- 
cattan of the delUs Haling wevefunn. 

3a The method of OeJm 29. further inducing 

making the gap between the confronting 
borders of the patch electrodes of sufficient 
width to accommodate tha ventricular septum 
therein, to eetabfish prefere nti al current fiow 
through one ventricle across the septum to the 
free wan of the other ventricle during application 
of adafibriBatlngviacwejIonntotheeJeubudeev 

31, The method of Claim 31, further Including 

making the gap between the confronting 
borders of tha patch electrodes of sufficient 
width to ao corr m io da te the toft anterior de- 
scending coronary artery and the posterior 
descendtog coronary artery therein, to avoid 
vascular damage from the application of defl- 
brftlating waveforms to the electrodes. 
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